Science is a social activity in some senses: first, in any of its fields science is an accumulated body of knowledge inherited from generations of antecessors by its practitioners, the scientists. In second place, the
Introduction
The communities of scientists have attracted interest, as object of study, once the recognition that the deepening of scientific knowledge depends on the network structures formed by these communities (Verspagen and Werner, 2004) , at the same time when large databases with researcher's data became available over the internet. Through their work, their interaction, researchers form social networks by establishing strong ties between them, which are the links between advisors and advisees, or co-authorships in the publication of works resulting from the scientific research work (Granovetter, 1973) .
The publication in co-authorship has been used as an indicator of cooperation between researchers (Lima, 2011) , but it may be misleading because "not all collaboration results in an article and co-authorship does not always indicate collaboration" (Vanz and Stumpf, 2010) . Having this observation in mind, this work starts from the assumption that academic researchers belong to a specialized field of knowledge establishing a social group whose foundation is, like any other social group, the division of labor and cooperation. Their individual members socialize themselves by means of the formation of network structures. In sociology, the theoretical foundations of this view can be found in the pioneering works of Georg Simmel (1858 Simmel ( -1918 .
In this study, the object of interest was the community of scientists formed by Brazilians researchers who were granted a scholarship called productivity in research by the National Research Council (CNPq), having as object of interest the genetics and reproduction of freshwater fish. The starting point of this work is the assumption that when these researchers publish the results of their work in scientific articles written in co-authorship, they give materiality to the existence of a social network formed by researchers interested in genetics and reproduction of fish. This work assumes the hypothesis that, being so, on this network it is possible to apply some of the tools of Social Network Analysis, to understand some of its characteristics, measure its main features and draw conclusions about the use of scientific periodicals as well as evaluate the level of cooperation among researchers.
Objectives
To find the linkage between the CNPq holders of research productivity scholarships in freshwater fish genetics and reproduction by means of their works published as co-authors. To take this linkage as shaping a Social Network and analyze it using graphs to show and find its characteristics and metrics.
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Materials and Methods
The publicly accessible records existent in the Lattes Platform (Curriculum Lattes -CV Lattes) of the National Research Council (CNPq) database (Plataforma Lattes, 2017) were used in this analysis. The CNPq or the authors of this work are not liable for any flaws or inconsistencies in the data collected, since, according to the provisions of the CNPq website, the researchers are full responsible for the data quality fed into the Lattes Platform database. Initially, a search for the Lattes CVs was done on the CNPq website, in the Lattes Platform, filtering the results to identify the curricula of doctors who are CNPq productivity scholarship holders, at all levels this scholarship is granted. The search was done by subject, using the keyword "fish reproduction" and resulted in 302 CVs Lattes, which were examined one by one, manually, since many of the CVs selected by the website automatic search are incongruent with the goal of the inquiry, using the mentioned keyword. The manual selection of the initial sampling resulted in the selection of 33 CVs Lattes of researchers whose work is related to genetics and/or reproduction of freshwater fish in Brazil. This selection returned their respective identifiers (id lattes), a code that allows the public access to the academic data of each researcher registered at this CNPq database.
In the next step a list composed by the id Lattes of the 33 selected researchers was processed by means of the software scriptLattes (Mena-Chalco and César, 2009), which performs the semiautomatic extraction of the Lattes CVs supplied by the list, analyzes them and searches the articles they published as coauthors, according to what each researcher has fed into the Platform Lattes database. Thus, it was possible to determine the articles published by the 33 researchers as coauthors, as well as to identify the periodicals used by them for the publishing, and the frequency each researcher published articles by periodical. On the collected data some tools and techniques of Social Network Analysis were applied, and metrics regarding coauthors were determined, as well as their representation in the form of social network graphs consisting of entities that are connected, or related to each other in some way; and is worth to note that the mathematical theory (Feofiloff et al., 2016) underlying this network analysis will not be addressed here. For the analysis of the academic collaboration network on genetics and fish reproduction, as well as to generate metrics and graphs of this network, it was used the Gephi software (Gephi Consortium, 2017) , which is dedicated to the analysis of social networks. This list of names, processed using the ScriptLattes software, resulted in a data set that allowed the production of a graph with the Gephi applicative depicting the collaborative network among researchers as co-authors. The results obtained are shown below.
Results
The extraction of the information contained in the 33 CVs Lattes of the researchers taken for this study resulted 1156 articles published in 502 different journals. The graph of Figure 1 is a representation of how the Brazilian researchers, who are granted a productivity research scholarship by CNPq, in the field of genetics and reproduction of freshwater fish, collaborate with each other through the coauthoring of papers in scientific journals. In this representation, each point is a researcher and each line represents a coauthoring interaction. The size of the letter type used in the researcher's name is proportional to the amount of researcher's co-author role with the other colleagues (their degree) and the thickness of the lines linking one researcher to another is proportional to the quantity of works published in co-authorship between these researchers. Due to their degree of collaboration, measured by the number of works published with others, each researcher has a different impact on the set of collaborations of the social network of coauthors, which is measured by their collaboration rank (Page et al., 1999) . Below is a table (Tab. 1), produced by the applicative ScriptLattes, which reports this metric for each researcher involved.
Anim. Reprod., v.14, (Suppl.1), p.1245-1252. 2017 1247 Figure 1 . Graph of the collaboration network in publishing academic papers among co-authors researchers. This classification of the researchers allowed to select the top ten Brazilian researchers with the highest degree of collaboration as coauthors, in the publication of works related to genetics and reproduction of fish, among the other 33 listed and to determine the academic journals where those publications were made. Processing the data with the Gephi platform, it was possible to obtain the graph shown below (Fig. 2) . In this graph the green lines represent a link between a researcher and a journal, and the size of the font type used in the researcher's name is proportional to the number of publications made by that researcher. The green dots represent different journals and the line thickness is proportional to the number of articles the researcher published in that periodical. The next graph (Fig. 3) represents the same relationship in an inverted way and describes which journals were the ones that received the largest amount of article publications by the ten researchers with the greatest degree of collaboration among them. The font type size used in the names of journals is proportional to the number of articles published in each of them and the thickness of the lines is proportional to the number of articles published per researcher.
The Table 2 shown below lists forty journals used by the ten researchers with the highest degree of collaboration as coauthors in genetics and reproduction of freshwater fish, for publishing theirs works. These journals belong to the universe of 502 journals listed. The entrance degree (indegree) measures the number of articles published by these researchers in the periodical in question and the Page Rank means is an index to measure the number of times the periodical was used, relative to all other periodicals.
Using the Gephi software, another analysis was applied on the collaboration network formed by the group of 33 researchers, this time with the purpose of analyzing the general characteristics of this network (Scott, 2011) . The results are shown in Figure 4 and in Table 3 . Figure 4 represents the degree of centrality of intermediation between the members of the network (betweenness centrality), which is a metric that shows the extent into a member of a social network is connected to the other components of the network, acting as a "bridge" between them.
The data set, collected from the Lattes Platform, to locate the co-authorship in academic articles produced by researchers granted by CNPq with a scholarship, through the keyword "fish reproduction", brought some biases using the search tools available on the CNPq website. One bias, the most serious of the data extraction, was to list many names of researchers who do not work with animal reproduction at all, or who work with reproduction of other animals but not with the reproduction of fish properly. Another bias resulted in the collection of names of researchers who work with genetics of fish, but not properly with their reproduction. These biases had to be adjusted manually and, therefore, it is more convenient to analyze the results obtained in terms of coauthors in genetics and fish reproduction. The co-authored production of scholarly articles in the subject analyzed has an expressive concentration on just a single researcher, who participate in about 30% of the total published articles, which perhaps can be explained for this researcher being a senior one with extensive academic life and his CV Lattes reports the bibliographic production throughout a whole academic career. On the other hand, it is also significant the dispersion in terms of the number of journals used by researchers for the publication of their works, totaling 502 journals with the most diverse characteristics. One way to evaluate this dispersion is to check the number of articles published per periodical. Taking in decreasing order the first three journals most searched after by researchers, the figure is 24 articles for the most wanted, 21 for the second place and 19 articles for the third one. However, the last 311 less-wanted journals received only one article for publication, meaning that in twenty journals there was a concentration of 25% of the total articles published by these researchers. It is also worth noting that among the forty most wanted journals a presence of Brazilian journals alongside with non-Brazilian journals, which may suggest that several Brazilian journals are vehicles that have a good reputation among researchers in the field. Table 3 (above) shows the positioning metrics of the researchers, taken the general set of the collaboration network, that is, this measure considers the importance of each researcher in the collaboration network as a whole. From this table it is possible to notice that although the third author (in the order) has a bibliographic production more than four times superior to the first one, the first in the rank has a greater degree of intermediation between the coauthors. The PageRank index roughly measures the number of times a page (e.g.: the number of times a website page is visited) is accessed; and for this analysis, this index is correlated to the bibliographic production (the quantity of articles published), which does not capture the impact of the researcher in terms of his/her academic collaboration for the whole network of researchers. In order to examine this feature, it is necessary to determine its centrality of intermediation, which, in the case of the network examined, represents the position of one researcher as an intermediary among other researchers, that is, even if researcher A does not have an article published as coauthor with researcher C, it may exist author B who is a co-author with A and C, acting as a bridge between them. This is an important metric for locating agents who play a key role in any social network and in the case examined, shows the network of co-authors with a different dimension than the rough number of paired collaborations between single members. This measurement is illustrated by the graph of Figure 4 , produced from the data of Table 3 , which highlights other researchers than those represented in the graph of Figure 3 . Finally, the collaborative academic network examined has a density equal to 8.1% as measured by Gephi software. To understand this metric, it is enough to know that a network in which all its components are linked to each other, has a density equal to 100% and, therefore, the network under analysis has a low density, meaning that the collaboration between these researchers in the publication of academic articles is less than their potential for collaboration. The meaning of this metric is reinforced by two other measurements: the diameter of this network is 9 and its average length is 3.8 (measurements obtained by the Gephi ). The diameter of a network is the maximum distance that separates two of its components, measured by the number of network members between them. As a network (social or otherwise) may have a diameter of hundreds (or more) of components, the network in question is not large. The average length is the metric that measures the average minimum distance for one member to reach another member (necessarily, it is smaller than its diameter) and the figure reinforces the small size of the network and emphasizes its low density. In conclusions, the analysis of the social network, formed by the Brazilian researchers in genetics and fish reproduction, granted with a scholarship in research productivity by CNPq, through their collaboration in coauthoring the publication of academic papers, reveals that there are some opportunities for improvement in terms of their collaboration. Initially, it is possible to say that the low density of this network (8.1%) suggests that it is possible to increase the collaboration and measure it through the works published by coauthors. Although the authors' survey found 33 names, there is a strong concentration of authorship in a few names. An increase in the academic partnerships would lead to an increase in the density of the network, meaning a more cohesive social group, and perhaps a more integrated scientific community. On the other hand, there is a significant dispersion in the application of papers to be published by the academic journals; as a result, three hundred different journals have received only one application for publication. Among those most in demand, there are some Brazilian journals, which suggests that an increase in the applications of academic papers in these journals could lead to an improvement in their international ranking and to strengthen the collaboration between authors.
